Infection by human cytomegalovirus (HCMV) is relatively common (Forbes, 1989) , and although it is generally associated with asymptomatic infections in healthy individuals, it is an important pathogen, causing significant morbidity and mortality in those whose immune systems are compromised or poorly developed (Ho, 1991 ; Stagno et al., 1982; Webster et al., 1989) . The strict species specificity of HCMV has prevented the development of experimental animal models of infection. Consequently, murine cytomegalovirus (MCMV), which resembles its human counterpart both in biological features and in pathogenic properties in its natural host, the mouse (Jordan & Pomeroy, 1991; Staczek, 1990; Hudson, 1979) , has served as a useful model for studying the pathogenesis of betaherpesvirus infections.
The complete genomic sequences of a number of members of the herpesvirus family have been determined, including those of HCMV , herpes simplex virus type 1 (HSV-1) (McGeoch et al., 1988) , variceUa-zoster virus (VZV) (Davison & Scott, 1986) and Epstein-Barr virus (EBV) (Baer et al., 1984) . However, the MCMV genome remains poorly characterized at the nucleotide level, and only the immediate early iel, ie2 and ie3 genes (Keil et al., 1987; Messerle et al., 1991 Messerle et al., , 1992 , the early el gene (Bfihler et al., 1990) , the viral DNA polymerase, the glycoprotein B (gB) gene
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0001-0821 © 1992 SGM (Elliott et al., 1991) and a membrane-associated phosphoprotein (pp50) (Loh et al., 1991) have been mapped or sequenced. The full potential of the murine model will only be realized following the complete elucidation of the nucleotide sequence of MCMV. This will permit the identification of those genes which are central to the infectious process and the establishment of persistence and latency, the study of which can be undertaken more readily in a mouse model than in humans.
Among the herpesviruses, the surface glycoproteins gB and gH have been shown to be conserved (Cranage et al., 1988; Gompels et al., 1988; McGeoch et al., 1988; Davison & Taylor, 1987) . Moreover, these glycoproteins have been shown to be important determinants of virus infectivity (Forrester et al., 1991 ; Misra & Blewett, 1991 ; Cai et al., 1988; Cranage et al., 1988) . Monoclonal antibodies to HSV-1 gH and its homologues in VZV, HCMV and EBV are strongly neutralizing, suggesting that gH represents a neutralizing target in all herpesviruses (Forrester et al., 1991 ; Cranage et al., 1988; Oba & Hutt-Fletcher, 1988; Montalvo & Grose, 1986; Rasmussen et al., 1984; Grose et al., 1983) .
Given the importance of gH and its conservation amongst the different herpesviruses we have sought to map and sequence the gH gene of MCMV. The MCMV genome is approximately 235 kb in length with a G + C composition of 59% (Mercer et al., 1983; Ebeling et al., 1983) . This is very similar to that of HCMV, which is 229 kb in length and has a G + C content of 57 % . However, unlike that of HCMV, the MCMV genome does not have internal and terminal repeat sequences (Mercer et al., 1983; Ebeiing et aL, 1983) . Despite this dissimilarity, the genomes of these two betaherpesviruses exhibit conservation in the relative positions of the DNA polymerase, gB, el, iel and ie3 genes (Elliott et al., 1991; Messerle et al., 1992; Chee et al., 1990; Keilet al., 1987) . In HCMV, the gH gene lies approximately 24 kb downstream of the gB gene . Given the conservation of the location and gene order of gB and the DNA polymerase, it was decided to sequence the terminal region of the HindlII C fragment of MCMV, adjacent to the D fragment ( The strain of MCMV used in this study is designated K181 (Perth). It was originally obtained from Dr D. Lang (Duke University, Durham, N.C., U.S.A.) and designated as the Smith strain. However, recent restriction enzyme digestion analysis of the viral DNA has revealed that it has a pattern identical to that of the K 181 strain (Hudson et aL, 1988) . Viral DNA was prepared essentially according to the protocol of Ebeling et al. (1983) , and a partial genomic library was constructed by digesting viral DNA with HindlII (Toyobo) and shotgun cloning the resulting fragments into dephosphorylated pGEM-11Zf(+) (Promega). Clones containing the MCMV HindlII C fragment were identified by restriction enzyme analysis. Four subclones, pCE2B1AS13, pCE2B1A10, pCE1EP and pCEES4, of the HindlII C fragment were generated by digestion with a variety of restriction enzymes (Fig. 1 b) and subcloning into either pG EM-11Zf(+ ) or Bluescript (Stratagene).
Prior to sequencing, the four subclones were digested further with Sau3A, RsaI or AluI (Toyobo) and shotgun cloned into either pGEM-11Zf(+) or Bluescript to generate a series of overlapping clones. The nucleotide sequence of these clones was determined by the dideoxynucleotide chain termination method (Sanger et al., 1977) using the TaqTrack Sequencing Kit supplied by Promega. G + C-rich fragments were resequenced using 7-deaza-GTP instead of dGTP. The DNA sequence was determined from both strands.
Sequencing of pCE2B1 AS13 ( Fig. 1 b) indicated the presence of a long ORF at its 3' end. A search of the GenBank database, using the MacVector 3.5 sequence analysis software (IBI), revealed that this nucleotide sequence has strong identity with the HCMV gH gene. Subsequent sequencing of subclones pCE2B1A10, pCE 1EP and pCEES4 (Fig. 1 b) generated a total of 2847 bp of nucleotide sequence (Fig. 2) . This sequence contains an ORF which is 2172 bp in length, and has a base composition of 19 % T, 21% A, 31% C and 29 % G. This gives a G + C content of 60%, similar to the overall G + C content of the MCMV genome (Ebeling et al., 1983; Mercer et al., 1983) . Two putative TATA boxes (McKnight & Kingsbury, 1982) reside upstream of the ORF at positions 202 and 271 (Fig. 2) . A potential polyadenylation signal sequence, ATTAAA (Birnstiel et al., 1985) , is located at position 2747 (Fig. 2) .
The amino acid sequence encoded by the gH gene is 724 amino acids in length with a predicted M~ of 80.4K (Fig. 2) . It has many of the characteristics of a transmembrane glycoprotein (Schlesinger & Schlesinger, 1987; Eisenberg, 1984) : there are eight potential sites (NXT/S) for N-linked glycosylation, an N-terminal hydrophobic sequence which may serve as a signal sequence, a C-terminal hydrophobic region which may act as a transmembrane anchor sequence, and a positively charged cytoplasmic anchor sequence of seven amino acids at the C terminus (Fig. 2) . Analysis of the hydrophilicity profile (not shown) provides support for the presence of an N-terminal signal sequence (residues 1 to 14) and a C-terminal transmembrane region (residues 695 to 717). Using the criteria proposed by von Heijne (1986) for predicting the cleavage of signal sequences, cleavage of the MCMV gH should occur after the threonine at position 14, resulting in a mature MCMV gH molecule with a predicted Mr of 78.9K. The pI of the mature form of the protein is 9.341. An alignment of the MCMV gH amino acid sequence with that of HCMV gH (Fig. 3) showed that regions of identity exist throughout gH. However, the strongest similarity occurs in the C-terminal region, from residue 570 of MCMV gH. Furthermore, 12 cysteine residues are conserved in the MCMV and HCMV gH amino acid sequences (Fig. 3) , supporting the concept that conservation of disulphide bridges in gH is of importance for the In addition, two regions of the gH amino acid sequence that appear to be highly conserved among all the herpesviruses have been identified (Klupp & Mettenleiter, 1991 ; Josephs et al., 1991). These regions extend from amino acid residues 500 to 509 and 673 to 688 in MCMV gH (Fig. 4) . In the first region (Fig. 4a) ,
four residues, proline at position 2, cysteine at position 3, arginine at position 8 and aspartic acid at position 10, are strictly conserved. In addition, the gH of MCMV and HCMV show greatest identity within this sequence with conservative amino acid differences at MCMV gH residues 500 (serine --, threonine), 504 (valine ~ serine ) and 506 (glycine --, serine). The second region, from residues 673 to 688 of the MCMV gH sequence (Fig. 4b) , contains a conserved potential N-linked glycosylation site. The greatest level of identity within this region exists between HCMV and MCMV, 12 of 16 residues being identical.
An interesting feature of the genomes of MCMV and rat CMV is the lack of both internal and terminal repeat sequences when compared to the genomes of the other herpesviruses (reviewed by Staczek, 1990) . This divergence in the genomic organization may determine some of the biological and pathogenic differences between MCMV and HCMV, such as the inability of MCMV to cross the placenta to infect the foetus (Hudson, 1979) . Another possibility is that dissimilarities in the biological features of these two viruses may reflect differences in the functional properties of proteins that these viruses share. It is conceivable, given the divergence in the amino acid sequence of MCMV and HCMV gH, that differences could exist in their functional properties.
At this stage, studies of the genomic organization and nucleotide sequence of MCMV have lagged behind those of HCMV and other members of the Herpesviridae family. The identification of the MCMV gH gene on the HindlII C fragment provides further evidence for conservation of the gene order between MCMV and HCMV, and opens the way for further studies of this important viral glycoprotein.
